finding was a significant effect on both immediate and delayed word recall, with more words being recalled in the chewing condition compared with the quiet control condition (Table 1) . The Spatial Working Memory sensitivity index and Numeric working memory reaction time were similarly improved in the chewing condition, and also in the sham chewing condition for the latter measure (which reflects the efficiency of working memory operations). In addition, simple reaction times were slower in the sham chewing condition than in the quiet control condition.
Baseline heart rate recordings (sampled at 30-s intervals) began 240 s prior to treatment and continued during a 180-s period of chewing, sham chewing or sitting quietly prior to cognitive assessment (which lasted about 30 min in all). Heart rate (mean bpm) was calculated during baseline, treatment, each of the 10 CDR tasks and both Serial Subtraction tasks. Heart rate changes relative to baseline were subjected to a 3(Condition) Â 14(Phase) factorial ANOVA with repeated measures on the latter factor. The main effect of condition approached significance, F(2,936) 3Á0, p 0Á06; heart rates were significantly higher in the chewing condition than in quiet controls, p`0Á05 (Fig. 1) . There was also a significant main effect of task, F(13,936) 13Á0, p`0Á01: with the exception of Simple Reaction Time and Delayed Word Recall, all task phases of the study were associated with significant increases in heart rate. There was also a significant task Â condition interaction, F(26,936) 25Á6, p`0Á01.
These results provided the first evidence that the chewing of gum can improve episodic memory (involving the learning, storage and retrieval of information) and working memory (where information is held``on line''). They did not indicate that gum-chewing improves aspects of attention, at least as measured here.
The impaired Simple Reaction Time during sham chewing may reflect diversion of attentional resources during initial stages of performing this unfamiliar behaviour. This is consistent with the elevated heart rate observed while sham chewing in earlier phases of the experiment (Fig. 1) . Although an active control is important, sham chewing may not be ideal for this purpose, because most cognitive scores (except, notably, Numeric Working Memory Reaction Time) in this group E-mail: a.scholey@unn.ac.uk 0195±6663/02/$ ± see front matter # 2002 Elsevier Science Ltd. All rights reserved.
were poorer than in the quiet control condition (Table I) . Further research might usefully compare the impact of gums of different hardness on these aspects of performance. Clearly the mechanisms underlying the memory enhancement associated with chewing gum are not known. It has been reported that mastication improves regional cerebral blood flow (Sesay et al., 2000) , including in fronto-temporal regions which are believed to mediate aspects of memory functioning. Additionally, chewing may promote the release of insulin which could influence memory via central mechanisms.
Elevations of heart rate support previous findings relating to chewing (Farella et al., 1999) , and to tasks with differing cognitive load (Kennedy & Scholey, 2000) . Kennedy and Scholey (2000) argued that interventions improving the cerebral delivery of metabolic substrates interact with task demands to enhance performance. However, such a model predicts greater improvements during tasks with a higher cognitive load such as Serial Sevens (Scholey et al., 2001), which was not found in the present study (data not shown). Perhaps investigation into the impact of chewing while co-administering a glucose load would further delineate such interactions. Additionally, it would be of interest to determine the extent to which the effects of chewing generalise to other types of memory. 
